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PURPOSE

This paper depicts.ih a graphical manner the skill of the Medium Range
(3—10 day) Forecast Group (MRFG) man and macﬁiné (nﬁmerica1 model guidance)
forecasts. It will befupdated each Febfuary in order to present the 1ate§t»
,stofes_fof‘eéﬁh of the several forecast categories in the MRFG. Only scores
wfth at 1ea§t a 5-year period of recdrd are presented. This paper contains
thévstandardfzed and unstandérdized mean éeaf]eve1 pressure and 500 mb‘corre—
1afi0h; the Gilman, Hughes and»éxperimehta]Aprecipitation skill; the
minimﬁm/maximum‘abso]ute temperature error; and the 5-day mean norﬁa]izéd

500 mb corre]ation,»températuré, and precipitation skill scores.
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. . Mumerical Model Guidance (Past to Present)

Acronyms
. Baro - Reed Barotropic Advection Model Hemisphefic‘
6L PE - 6-layer Primitive Equation Model Hemispheric . :
CM - Course Mesh 380km FM - Fine Mesh 190km F
SMG26 - ‘Spectral Model Global 24 modes 6-layers :
.~ SHMH2C - Spectral Model Hemispheric 24 modes 12-layers:
SMG3C - Spectral Model Global 30 modes 12-Tayers
SMGAC - Spectral Model Global 40 modes 12-layers
SMGAH - Spectral Model Global 40 modes 18-1ayers
00Z Guidance | |
a.'vTo‘84fhours

(1) From 1970 through 1977: 6L PE CM

(2): From 1978 through 1979: 7L PE FM

(3} From January 1980 to August 15, 1980: 7L PE FM to 60-hours then
- 7L PE CM with Fourth Order Differencing to 84-hours.

(4) From August 15, 1980 to April 15, 1981: SMG3C to 48-hours then
© SMH2C to 84- hours

(5) From April 15, 1981 through October. 19, 1983 SMG3C to 48-hours

then SMG2C to 84-hours. . . - :
(6) From October 19, 1983 through December 1984. SMG4C
(7} From January 01, 1985 through December 1985: SMG4H

Greater than 84 hours to 144 hours

(1) From 1970 through 1979: Baro (Mesh 1977-1979)

{2) From January 1930 to August 15 1980: 7L PE CM with Fourth Order
Differencing. s

(3) From August 15, 1980 to Apr11 15, 1981: SMH2C

(4) From April 15, 1981 through Apr11 1982: -SMG26

(5) From May 1982 through October 19, 1983: SMG2C

(6) From October 19, 1983 through December 1984: SMGAC

(7)  From January 01, 1985 through December 1935 SMGAH

Greater than 1A4 hours to 242-hours

(1) From November 1977 through April 1981: Baro Mesh

(2)  From December 1977 through April 15, 1981: 3L PE CM

(3) From April 15, 1981 through October 19 1983: SMG26 to 192-
hours then SHMH26 to 240 hours. ‘

(4) From October 19, 1983 through December 1984: SMGAC to 240 hours.

(5) From January 01, 1985 through December 1985: SMGAH to 240 hours.

Guidance

vTo 60 hours

(1) From 1970 through-1977: 6L PE CM

. Greater than 50-hours to 96-hours (500 mb only)

(1) From 1970 through 1977: Baro (mesh in 1977)



c.

To 48-hours

(1) From October 1971 through Augusf 1977: 7L PE FM (old LFM).

(2) From September 1977 through 1985: 7L PE LFM (127km)

d. Greater than 48-hours to 120-hours (500mb only)

(1) From 1978 through 1985: - Baro run from the 48-hour LFM inserted
into the 60~hour SMGAC from 00Z.

Forécast Day. Day 1 Day 2 Day 3 Day 4 Day 5
127 122 127 127 127 127 .
1 12hrs ~ 36hrs 60hrs 84hrs 108hrs |  132hrs
00z 00Z - 00z 00Z 00z 00Z
< SMGAH -
s - ~
. ag8hy LFM BARO -
o~ . /‘\ Fal
.1 Day 6° Day 7 Day 8 Day 9 Day 10
127 121 127 127 127
|  156hrs 180hrs 204hrs 228hrs 252hrs
00z 007 o0z T 00z
SMGAH N
e e

*NOTE O ANALYSIS REPLACED THE HUF IN LATE JULY 1984.

Figukes

\ Figure 1 depicts the North American (NA 130 grid points) and the
| . .

/ United States (US 86 grid points) subset mean sea-level pressure (MSLP)

and 500 mb. correlation score verification areas.
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. . Fiqur‘é 2 is ;é plot of the cal endar year 1985 monthly meanhst.andardizéd
'.corre1at1on scores for the man and NMC/NWP model North Amer1can area
mean sea-1eve1 pressure progs verifying on days 3, 4, and 5 after forecast
| day. ‘(SeeiAppendix A for an gxp1anatioﬁ of.tﬁis score.)

Figure 3'is,a plot of the 18/16 year {1968/70-1985) average monthly B
mean standardized correlation scores for the man and NMC/NWP model North'v
Americankarea mean sea-level preésure proas verifyingbon days 3, 4, and 5
after forecast day. (See Appendix A for an éxp1anation of this score.)

.ngqre 4‘is a plot of the 1968/70 through 1985 calendar year
standardized correlation scores for the man and NMC/NHP,mode1 North
Amefican area mean sea-level pressure progs verifying on days 3, 4, and 5
after forecaStvday. (See Appendix A for.an ekp1énation of this score.)
| Figﬁre 5 is simi]af to figure 2 except the score is unstandardiied.
. Figuré 6 is similar to figure 3. except the average 1's> for 9 years.
and the score is unstandardized.

Figure 7 is similar to figure 4 except the ca1endar years are 1977
through 1985 and the score is unstandardized.

Fiaqure 8 is a plot of the calendar year 1985.month1ybmean standardized
correlation scores for the NMC/NWP model North Aherican area 500-mb progs
verifying oh days 3, 4, and 5 after forecast day. ({See Appendix A for an
explanation of this score.) | _ A _

Figure 9 is a p1ot of ‘the 16 year (1970-1985) average monthly meén
standardized correlation scores for the NMC/NWP'mode1 Morth American area
500 mb progs vnfi?vinq on days 3, 4, andv5 after forecast day. (Sée Appendix
A for an exn1ana+1on of this score.) |

. . Figure 10 is a plot of the 1970 through 1983 calendar year standar‘dued

- correlation scores for the NMC/NWP model Morth American.area 500 mb progs -
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verifying 6n days 3; 4, and 5 after forecast day. (See Appendix A for an
‘exp1anétion of this score.)" |
lkFigure'll is simijar to figure 2 except-the area is the United States.
}ngdre 12 is simi]afvto‘figure 3 ekcept the average %é for 10 years
and the area 1s the Un1ted States. | »
F1qure 13 1is s1m11ar to figure 4 except the calendar years are 1976
' throuqh 1985 and the area is the United States,
F1gure 14 is similar to figure 5 extept the area is the United Statés.
.FigurevIS fs simi]ar‘to'figufe 6 except the area is the UnitedFStates.
Figure 16 is similar to figure 7 except the area is the United States.
Figure 17 is similar to figure 8 except the area is the United States.
Figure 18 is similar to figure 9‘except'the average is for 10 years
and thé area is the United States. o
| Figure 19 is similar to figufe‘lD except the calendar years are 1975
through 1985 and thé area is the Unfﬁed States.
Figure 2O ié a plot of the calendar year 1985 month1y mean'normalized :
.correlation scores fqr the man, NMC/NWP model, European Center for Medium
Range Weather Forecasting {ECMWF), and Linear Regression (LR - see NMC ON
259 of June 82) North American area»500 mb mean progs verifying 6 to 10
days after forecast day.
F1qure 21 is a plot of the 7 year (1979-1985) average monthly mean
normalized correlation scores for the man and NMC/NWP model North
American area 500 mb progs verifying 6 to 10 days after fqrecast day.
| Figure 22 is a plot of the 1979 through 1985 calendar year normalized
correlation scores for the man, NMC/NWP model and ECMWF (1982-1985) North

American area 500 mb meanfprogs‘verifying 6 to 10 days after forecast day.



. Figure 23 depicts fhé 41 stations in the United Sfates where the
teﬁperafure fqrecasts are verified. P _ : §
Figure.24_fs a7p16t of thefca1endar year 1985 bi-monthly mean absolute
error minimum tempefaéure scores for the man, K]ein Lewié (KL) objettive,
:and climatology temperature foreﬁasts verifying on days 3, 4, and % aftef
forecast day. ‘ |
| ',Figurg 25 is a plot of the 15 year (1971-1985) average.bi-month1y
mean ab§o1ute error minimum temperature scores for the man, KL, and-
. c1imato1ogy.températUré forecasts yerifying on days 3, 4, and 5 after
forecast day.- |
Figure 26 is a plot of the 1971,thf0u§h 1985 calendar year absolute
: error‘minimum temperature scores for the man; KL, and climatology
temperature forecasts verifying on days 3, 4, and 5 after forecast day.
Figure 27 is similar to figure 24 except thé-temperature is maximum,
Figure 28 is similar to figure 25 except the temperaturé is maximum.
Figure 29 is similar to figure 26 except the temperature isvmaximum.
Figure 30 is a p1ot-of the 1972 through 1985 calendar year absolute
error {(minimum + maximum) =~ 2 temperature scores for'thé man, KL, and
climatology temperature forecasts verifying on days (3+4+5) < 3 after
- forecast day. |
Figure 31 is a plot of the calendar year 1985 monthly mean 5-class
temperature skill scores for the man, forecast persistence (FP - persistence
of the 1-5 déy mean teﬁperature fore;asts as a 6-10 day), linear regression
(LR - sée NMC ON 259 of June 82), énd obsérved (T OBS - persistence of
~ the 5 day mean observed temperatures as a 6—10‘day forecast) mean
temperatuke forecasts verifying 6 to 16 days after forecast day. (See

Appéndix‘B for an explanation of this score.)




Figure 32 is a plot of the 8 year (1978-1985) average monthly mean 5-
class»temperature skill scores for the man,'FP, LR and T 0BS mean
temperature forecasts verifying 6 to 10 days after forecast day.

Figdfe 33 isja plot for the 1978 through 1984 ta1endar year 5 -class

Atemperature skill scores for the man, FP, LR and T 0OBS mean temperature

‘forecasts verifying 6 to 10 days after forecast day. -

Figure 34 is similar to figure 31 except the temperatufe skill scores
are 3-class. | |
Figure 35 is similar tO‘figuré 32 except the temperature skill scores
arev3-cléss. | |
Figure 36 is similar to fiqure 33 except the temperature skill scores
are 3-class. |
Fiquré'37‘deﬁicts the 100 stations in the United States where thé
precipitation forecasts are veriffed."
" Figure 38 is an examp1e of a day 3, 4, or 5 precipitation forecast.
The dashed 1ines are the 24-hour departure from normal probability of
precipitation (DN POP) forecast for January 3. The solid lines afe the
24-hour climatological (normal) probability of precipitation (NPOP) for
the first 15 days of January. A total of (DN-POP + NPOP) 3_30 is considered
"yes"Aforecast of precipitation (> .01 inch). A1l stations with an (NPOP)
> 30 are considered as a "yes" climatological forecast of precipitation.
Figure 39 is a plot off the calendar year 1985 mohth]y mean Gilman
precipitation skill scores for the man, c1imat01ogy,'and NMC/NUP model
precipita%ibn forécasts'verifyfng oh days 3, 4, and 5 after forecast day.

(See Appehdix C for an explanation of this score.)




- Figure 40 is a plot of the 16 year‘(1970-1985) avefage month1y mean
- Gilman precipitation skill scores for the man and climatology precipitatibn
forecasts verifying -on days 3, 4, and 5 after forecast day. .
o Figure’41 is a §16£ of thé 1970‘tﬁfough 1985 ca1endaf year Gi]mah
précipitation skill scorés for the man:and c]1mato1ogy:precipitat16n
forecasts verifying on days 3, 4, and 5 after forecast day.
VFngre‘42 is a plot of the 1970‘tﬁr0ugh 1985 Gilman precipitation
_ski]] scoreg'for the man and c1iméto1ogy preéiﬁitation forecasts verifying
on davs (3+4+5) = 3 after forecast day. |
| Figﬂre 43 js similar to figure 38 except the skill score is Hughes.
(See Appendix D for an explanation of this score.) |
- Figure 44 1is similar to figure 39 éxcept the average i§ for 9 years,
the skill score is Hughes, and climatology is not depicted.
| Figure 45 is similar to figure 40 except the calendar yearé are 1977
through 1985 and the skill score fs Hughes. |
Figure 46 is similar to figure 38 exceptlthe skill score is Hughes
Probébi1ity. (See Appendix E for an_éxp1anation of this'scofe.) |
Figure 47 is similar to fiqure 39 excepf_the average is for 8 yeafs
and the skill score is Hughes Probability,
Figuke 48 is simi1ér to figure 40 except the calendar yeérs are 1978
| through 1985 and the skill score is Hughes Probability.
Figure 49 is a plot of the calendar yearv1985 month1y.méan 3-class
~precipitation skill scores for the man and c1imato]ogy mean precipitation
forecasts verifying 1_to 5 days after forecast day. (See Appendix F for
an explanation of this score.)
Figqure 50 is a p1otjof the 8 year (1978-1985) average monthly mean
3-class precipitation skill scores for the man and climatology mean |

‘precipitation forecasts verifying 1 to SFdays after forecast day.



Figure 51 is a plot of the 1979 through 1985 calendar year 3-class

pfecipitation skill scores for the man, NMC/NWP model and climatology

mean pfecipitation forecast‘verifyihg 1 to 5 days aftef forecast day.

Figdfe 52 is 51m11ar'to~figure 49 except the observed (P 0BS -
pérsistence of the 5 day mean observed précipitation éé a 6-10 day forecast)
is depicted and the forecast is for 6 to 10 days.

' Figure 53 is similar to figure 50 except the forecast is for 6 to 10

_days.

Figura 54 ié-simiTar to figufe 51 except the fofecast is for 6 to 10
days. | | |

Figures 55 through 66 and 67 thrbugh 78 are plots of the ca]éndar
vear 1985 month]y_mean unstandardized/sﬁandafdized correlation scores for
the man, LFM, ECMWF, LR, NMC/NWP model and-élimatb1ogy”Nofth American

area mean sea-level pressure progs verifying on:days 1 through 9 after

.fprecast day.

. Figures’79 through 90 are plots of the calendar year 1985 monthly
mean standardized correlation scores for the LFM, LR, ECMWF, and NMC/NWP
model North American area 500 mb progs verifying on days 1 through 9 .
after forecast day.

Figures 91 through 102 are p1o£s of the calendar year 1985 abhsolute
error minimum and maximum temperature scores for the man, KL, LR, and

climatology temperature forecasts verifying on days 1 through 7 after

forecast day.
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SECTION 1
Man & Machine {NMC/NWP Guidance)

Mean Sea Level Pressure and 500 MB Correlation Scores
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e used by the MRFG to verify the MSLP and 500 mb progs since ‘the start of Lhe

4 COMMENTS |
SECTION 1 - MSLP & 500 »MB CORRELATION SCORES PAGES 10 TO 32

i

The pattern corre]at1on score (A pend1x A) has been Lhe bas1c score.

MRFG program. The corre]at1on score was chosen because it 1s more sens1t1ve

" to the phasing of troughs and ridges (considered to be more 1mportant) Lhan

to the depth or heighth of these systems Thé'MSLP and 500 mb'operationél
ana]yses (HUF) were used to ver1fy the forerast through 1976 and the LFM
since 1977

The North América (NA) standardized correlation score is the oldest

score of record. The US subset unfortunately was contaminated from the begih—
ning through 1975 by a coding (program) error affecting the observed field

'(verifying analysis).

It was assumed from the start that a MSLP standardized (anomalous field)
score of greater than 0.0 (c11matolbgy) would result in. the derived forécasts'
of temperature and precipitafion having more skill than c1imaio]ogy (as a
forecast). However, experience has indicated that a NA score of 0.17 or
better is requifed to accomplish this. |

Most of the forecasters somp1a1ned,from the beginning about verifyfng

a forecast of the anomalous MSLP field (which they could not "see") instead

-of the one they produced (the actual MSLP field). 1In order to appease the

forecaster and pbtainia'scbre for the normal (¢1ima£o1ogy) as a forecast
the unstandardized (actual MSLP field) score was introduced in 1977 and has
been used successfully ever since.

A glance at figures 2 through 22 shows that, for the most part, the

: month1y mean scores during 1985 were higher (better) than the long term meén

-scores (note - the long term mean includes the 1985 scores). Also a compari-
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§on of the current 16ng term mean séores (figures'3,6,9,12,15,18, and
21) with thbse published in NMC ON 303 of February 1985, indicafes an
-upward trend. The mahy monthly heanbrecord'scores (ffgures 2,5,8,11, ‘
14,17, and 20) set by both the man and ‘NMC/NWP model gquidance resulted
'in 1985‘being’basica]1y a récbrd year‘fof the days 3, 4, and 5 (ffgures
4,7,10,13,16,19,,and 22).

No comment is made concerning the "betterment" of the man over the
NMC/NWP dee1 guidancé except ihat it appears to be_signifiéant. Since
‘the scofes for thé circulation were near records, one might expect the
~derived forecasts of temberatures and prebipitation‘a1so to he near recdrd

1evé1s.

SECTION 2. - TEMPERATURE ABSOLUTE ERROR .& SKILL SCORES PAGES 33 TO 47

In 1985, as usual, fhe bi-monthly mean absoiute error minimum ffigure
24(a,b,c)) and maximum (figure 27 (a,b,c)) temperature scores for the'man
exhibited a c1ear_superiority over the KL and climatology temperature
forecasts for days 3, 4, and 5. Thé man minimum (figure 26) temperature
scores tied second best for days 47and 5 ahd were third best for day 3,
while the maximum (figure 29)‘were_third‘best for days 3 and 5 and tied
second for day 4.

In 1985, the man 6 to JO'day 5—t1ass (figure 33) temperature skill
score tiéd third best while the 3—c1éss (figure 356) score tied the record
and the FP scores increased.

SECTION 3- PRECIPITATION SKILL SCORES PAGES 56 TO 73

The Gilman skill score, except for the problem mentioned in Appendix C,
is quite sensitive to correct forecasts of precipitation. The Hughes
skill score is quite sensitive to correct forecasts of no precpitation at

stations with a high climatic precipitation probability. The experimental



. - score is quite‘.sensitive td correct‘f'orecas‘ts of precipitation at stations
with a low climatic precipitation probabi]ityQ Thus, fhese three scores B
compliment one another.‘ B ‘ :

- Iﬁ the 1985;vés-in‘recent years, the monthly mean Gilman (figure 39),
Hughes (figure 43)'and Hughes Probabi]ity (figure 46) precipitation ski]]
socres for'the‘mah showéd a clear superiority over c1imatd1ogy and the 
NMC/NNP‘modei on days 3, 4, and 5. The méﬁ Gilman precipitatioh skill
-scores.(figure 41} were récords for days 3, 4, and 5. The Hughes ski1i
(figure 45) ahd probébility (figure 48) scores, however, were not so

~record breaking. The monthly mean 3-class pkecipitafion skill scores for
the man 1 to 5.day (figure 51) and 6 to 10 day (figure 54) forecasts &ére

modest in 1985. B | .
SECTINN 4 - MSLP, 500 MB &-TEMPERATURES SCORES  FOR

‘ DAYS 1 THROUGH 7 PAGES

Certainly consideration has to be given, after looking at figures 55

through 102,vto producing (operationa11y) for public cohsumption man MSLP
(prégipitation) and temberature forecasts for days 6 and 7. ‘If should be
noted that for comparison purposes-(operationa1'uti1ity) the ECMWF scores
have to be “"backed down" approximately 12 hours.
' | COMCLUSION

1985,turned.out to be a record year with regard to MSLP énd precipitation
forecasts, but, otherwise was'mofe of a "high plateau" year for the MRFG.
1986, nromises to be an interesting year with several changes expected to
be introduced into the MMC/NWP MR model in the érea of shallow convection,
KUo 1v, lateral diVergéncé, sea ice,Asea surface temperature, hofizonfa1
. : 'a‘md vertfca] resolution, and verti'caﬂ éxchange of héat, 'moment.um and water

vapor.
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. - S Aﬁpeﬁdix A
The standardized mean seé:level pressure correlation score is ﬁsed to
determine the skill of thebman and machine days.3, 4 and 5 mean sea ievel'pressure_
'férécaéts; The éorrelatidn'score is employed because the phasing instéad of fhe 
intensity.of systems pjimarily determines how wéllrthe various weather parameters
~can be forecast. ‘The s;andatdizing procédure prevents the'contribution‘éf the
' hiéh variébility (higher latitude) grid points from ovérwhelming’the low variability

grid points (lower latitude).

f-= forecéét mean sea level pressure at a grid poinﬁ

0 = observed mean sea level pressure at a grid point

o—= standard deviation at a grid point

n= normal‘mean sea level pressure at a grid poiﬁt' 7 . -

' "ﬁb _ : p = f-n ' vb'= o-n.
' ‘ o o -

average standardized forecast across n grid points

2l
"

‘
ol
]

average standardized observed across n grid points:

RMS F =\J32 RS 0=U62 _ |
RMS Error a\[(—'F_—O)—z o - o

o Average Absolute Error = 720
~ FO-FO
Correlation = = = e X100
N (F&a - F%) (0* -07%)

Since the normal mean sea level pressure is subtracted frbm the forecast/
observed pressure at eadh grid point, it is assumed that the correlation of the

normal to the observed is always zero. Therefore, any positive score is considered
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- to have skill over the normal. Some doubts have been raised about this assumption,’

. however, and for the past 5 years the unstandardized correlation score also has

been calculated, ' This procedure allows a correlation score to be COmputedgfor the

normal.. This score then is simply the correlation of the forecast to the observed

‘mean-sea-level pressure.
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APPENDIX B

5 day mean temperature sk111 score is a generalization of the

Heidke skill score where the expected values are derived from the observed

Heidke Skill = C-E

The

stations

E =

The
the much

(E) then

' temperature -

total correct {hits)
_total number of forecasts (61)
expected number of hits

: ¢
N- N
- E

expected value is calculated as follows from the number of
in eech-of the observed:temperature categories:

1/8 x Much Below + 1/8 x Much Above +

1/4 x Below | +»1/4 x Above + 1/4 x Norma

5 day mean 3-class temperature skill score simply “lumps" together
be1ow w1th the below and the much above with the above. The:expected

is equa] to 1/4 X Be]ow + 1/4 X Normal + 1/4 Above
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'_Appeﬁdix C B , L

‘ . The Gilman skill score is a generalization of the Heidke skill score where the

expected values are derived from a randomized version of the precipitation forecast,

C-E U ‘
Heidke Skill = NE ~ "+ C = total correct (hits)

N = total number of for_ec’asts (100) -
E = expected number of hits .y
However,fof a randomized forecast allowance'must be made for statioas having farv
diféerant precipitation climate (N POP) across the ﬁnited States. Therafofe, to
éomputé'and aeofe,aa'éxpected chance forecaat, climatology aust be considered.
The proceauré for this is as follows: |
First, the actual number of forecasts of precipitatioh‘are distributad
randomly taking into account station climatology, The expected numbef of

chance hits is then given by:

» f. , .~_ E =;é{(Pi ry + (L -pgy )1 -1xy)) or

| E = ngi ri+N—§pi fgri (a)
where ry = 1 for prec1p1tat10n (£.01 inch) and 0 for no precipitaiton (4 01 inch).
Noﬁ an expression for py, which is the probability that after‘the forecast
precipitation evenﬁs are redistribated randomly.a forecast precipitation evené
&il; fall at point "i" i1s given approximately by pj;Eéﬁi(b). Here F = total
number of.forecasted precipitation events and ai’= climatic preaipitation

probability (N POP), This approximate value for Pi is most valid for small

values of F and (a; éiai ) and is unstable at times., Because of this instability

the less sophisticated but more stable Hughes skill score was developed‘

leied Substituting the expre351on (b) into (a) gives E = zgfa‘k°-+ N-F-R, where
B ai

E = the approximate expected value of a randomized forecast, R = total prec1p1—

tation cases, and N total number of stations. If the climaticvprobabilities

. ‘ are uniform (ag =aa};=a), then the approximate value of E reduces to the standard

) _ .
. Heidke value given by: E = (N F)(E R)+FR'
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, I - ‘ SRR Appendix D
s The Hughes skill score is a generalizatlon of the Heldke skill score where

the expected values are derlved from the observed prec1pitation'

‘TL%'lf;;:*h“;%f""tz;zﬁefﬁkewsklll—= - C~E- .eeee.f:«;i;“;n si=total. “correct (hits)

N—E o R N ="total number of foreceets (100)

E = expected number of hits

: If the average precipitation ciimate.(NPOP) af 12 stetions having:precipi- .
tation is 25 then the expected (prec1pitat10n) is simply 12 x .25 or 3 stations.
1f- the average NPOP of the (100~12) stations not hav1ng prec1p1tation is also
25 than;the axpected (no precipitation) is simply 88 x (l 0-.25) or 66 stations.

he total expected (E) then is 69 stations. - If the forecaster hit (c) 75 stations

' correctly, his skill score then is (75—69)/(100-69) X lOO or 19.
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The (Hughes)‘probability score is not a skill score yet it is quite
. \ ) i

~simple to'understand..A rough score (RS) is calculated for each station

T (N=1 tb'IOO)”aé féllows;'v”

' Forecast | v Observed RS
(DN POP + NPOP) =30 p=l ' +(1 - NPOP)
(DN POP + NPOP) =30 | ' p=0 and NPOP =50 - (NPOP)
(DN POP + NPOP) <30 P=1 and NPOP 50 ‘ —v(‘NPQP)
(DN POP + NPOP) 230 =0 and ¥POP <50 - =(1 - NPOP)
(DN POP + NPOP) <30 . op=1 aﬁd NPOP <50 -(1 - NPOP)
. (DN POP + NPOP) <30 ~ P=0 .. - +(wpoP)

Since the total rough score (TRS) for thé 100 stations does not equal
100 points, a simple iterative technique is employed which uses the RS as
. “a f (NPOP) . for each station to bring the total number of points up to 100.
The FORTRAN language routine is:
‘ TTY =.0
70 DO 69 I =1, 100" _
= TRS = (100.0 —!TRS) * ABS(RS(I)) * .01

: IF(RS(I)) 73, 74, 74
73 RS(I) = RS(I) - TRS

GO TO 69
74 RS(I) = RS(I) + TRS
69 ITY = TTY + ABS(RS(L))
TRS = TTY :
TTY = 0.0 '
IF (TRS - 99.8) 70, 71, 71

71 CONTINUE - Co



T [ o = APPENDIX F

The 5-Day mean precipitation ékill score is a generaliZatidn of the
Héidkg skill score_where.the éxpected values are derived from the obsgrved
'  ﬁrecipitatioﬁi
| total éorréct (hits)

total number of forecasts (100)
= expected number of hits

Heidke Skill = C-E c
C NE - N
E

i n

” HF6£ ékample, in Jénuary the number 6f stations in the area covered by
fhe (NP/P), (NP/M/H) ahd (L/M/H) éategories is 21, 28 and 51 respectively.
The average value éf the ﬁrobability Qf NP for thevstations in the (NP/P)
area is gé%>and 40%Z in the (NP/M/H) area. Now if (NP/L) dis coded as 1; M as
2 and (P/H) as 3, then‘the number of stations expected to have coded value

1 thru 3 is as follows::

.  33% of (L/M/H) = 51 x .33 = 17 stations coded 1, 2, 3

402 of (NP/M/H) =28 x .40 = 11 stations coded as 1 and 8.5 coded’ as 2,3

;o
e ) A
2

Bé% of (NP/P) = 21 x .59 = 12 stations coded as 1 and 9 coded as 3

Thus, code 1 = 17 + 11 + 12 = 40 stations
code 2 = 17 + 8.5 = 25.5 stations
 c0de 3 =17 + 8.5+ 9 = 34,5 stations

- 100.0 stations
Therefore, ‘the expected value = .4Bé + .255b + .345c

where a, b and ¢ are the number of coded values 1, 2 and 3 observed.
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LIMITS FOR FIVE-DAY FRECIPITATION FORECASTS _:,
Upper and lower decimals represent-the lower iimits, in inches, :
for heavy and moderate precipitation. forecasts respectively. ;
Percentage figures indicate reictive frequency of .S-day j
pnriéds wrth nc measurable uméunt of nrecipitation ’,
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SECTION 4 ‘
Man & Machine (NMC/NWP Guidance)
Days 1 through 9 Monthly Mean Sea‘LeveT Pressure,,SOO MB and

Absolute Error Temperature Scores



A e

EuEnnt [f..f._ﬁ.'l;i._‘t ER R

DAYS 1 THRU 9 NORTH AMERICAN AREA MS LP
uORRELATanSCORES.FORJAN

1985

1971

o W
o

SMGIQZxxxAA%EX”
MAN ol
SMG 007, s f_?

LR

ECMWE --

LEM

NGM

-

3

B U

— b m——
~ - v
— | o—— v o————

R X RPKRT

s

s

HOURS

. DAYS

24

36
1

48 60 72

3

108 « 120
4

132 1441156

5

168 180
6 7

192 204 216 228

8 9



g

3

L

idbded

EEPJRN S SRV TER S

b it i ; CERE AR Ena i NI S ANE YA S T
4 — . AT A S A R A A
7 wn 8 I I ! | i L :
M " oD NN HEHEN RS RN ! i T [ L
e . W..... m 4” = | i g .
i m 1 LT i i T T
;B mE _ g
_r . F “a i Pl
R 7
FRE Il A
. B)) o p:
SR
5
- S
P EE| ] /
I B
S w
1 20 m 4 ;
1< ! ! !
: C.N i
) e |
i m
Lome
.M.A
%o
= E
T
I B & -
i 59 <7
e ONO) AW ;
I : 2 v
i o i
fo @ in nna
Ry W o
: ; .
£
o
b
<

L envatonoay i L

e R A e o e
i

SUEDAIN AP (0N i 0 A
i Bk et

__i_.. Y

SMG 127 % % % A 5 % A%

MAN

— i e —
— g T ——

S MG 00Z
LR

—

.x-

v
-

i

ECMWE vre s o ee v
LFM

NGM

24

132 144

204 '216 " 22
"8

192

(156 1168 1180 .

=)

1O

® =h

. 00
HOURS.

96108 (120 ;

R

7

_\.__I -

LT E

5

T4

3

DAYS .



.......

" DAYS 1 THRU 9 'NORTH AMERICAN AREA MSLP

CORRELATION S CORES FORMAR. 85 -

R

1

192 204 216 228

180
7

o f g

T FROM O

i

~
L v

[CLIMATOLOGY -

BRO

132 1441 156

Tt

na .

AR IR R k

e B

.x.x.y‘.)g"%‘_

}
T A A— o an—— H

LEM

NGM

24

=

<

48

L

72

9

8

1168

5 6

: 108 +120
‘ 4

96

84
3

36

‘- SDO0¥Yd EDNVE LIOHS
.Oh dTVOS O HONVHD

wn
(@]

[

55
50 b
4

Q

] -
I~ 10 Lo

001 X HYODS NOLLVIZUYNOD

25 SMGO00Z

15

HOURS
DAYS



i hoi g f*'..[wﬂ S e LL'L’;.L

ThE DAYS 1 THRU 9 NORTH AMERICAN AREA'MSLP - ;
EaEEnaE .. CORRELATION SCORES! FOR. APRIL 85,

: |
i 4. - [ Qu U

CHANGE OF SCALE FOR‘RT |

RANGE PROGS

CORRELATION SCORE X 100 .

30 f

SMG 127 g,
MAN ——— s
25F MRFO00Z

. o LR e e
| ECMWE veev v e v b

15 ! 3 " s ;: _7' I' L B I § L g u P ——_-}:..Jﬁi - - 1 - R S i -
HOURS 24 36 48 6,0. 72 . 84 96« 108 ¢ 120 132 144! 156 ' 168 180 192 204 216 "2t
DAYS SRR 2 3. 4 5 6 7 -8 <




g m s B i

DAYS 1 THRU

/9

[LtLUTH—IITTIH‘H"HHI st

9 NORTH AMERICAN AREA MS LP E
CORRELATION SCORES FOR MAY B85 |

1 : ~{r

o

CHANGE OF SCA LE FOI

RANGE PROGS

CORRELATION 'sc!g X 100

MRF 00Z
LR j
. ECMWF +-«- :
LEM e i
HOURS 24 . 36 46 60 72 B84 06. 108120 132 1441156 |168 180 192 204" 216 228
DAYS L 2 3 "4 5 b 7.0 8 9




i B E K i _,)‘N_ : , ,} Lo g i'iL \_8_10 _.‘g‘-! ‘!. bk 11 (. 1 Lo L L-«—#L—LMML»{«——J—LLl L botdod
5 T pu S : o
i - DAYS 1 THRU 9 NORTH AMERICAN AREA. MS LP, g
Mo e - CORRELATION SCORES FOR: JUNE 85
‘ : -~ ; ‘ [ -1 . T . m " |
) ._‘[_—' T — - - [
[iEeaanatE R e T
! - - A R O O

r 2
T
i
i
1
T
]
¥
!
T

-

X 100

CORRELATION SCORE

45

i i
Y
X

UL O RPN

SMG 12Z. @ -x % xx i
25 SMG00Z —
| LR — i ——

: RV OO . o A B L B
. . LFM —— G e .__.,' : : ‘”.A " T --I-— - .._M|". I {_ : . shedf e o ,“ ,- ,'
: NGM < K - R K- x T ~FIg 60 - T i T N

]5 PP flrlulllrur!'rlrr—LL . h—‘
6

- HOURS, 24 36 ap 72) 84 _‘%, 108 1:120 ; 3?;1-_‘1:;_‘3:4_;1_5_‘

30

.} i
. DB R TR I =

T r——— L

S s T bk s




it,i_!"*r

Fretg:

gt
ﬂ--n

-

L....» .

iil

'..n-m
L4

[

81 |
DAYS 1 THRU g NORTH AMERICAN AREA MSLP

- ' : B CORRELATION SCORES FOR ~JULY 8 5

S S G W Hﬂ ’T**ﬂﬁ?*ﬂt i l,‘_,{,“i_iﬁi\*"riiil

‘{T o
n
1

CHANGE OF SCALE FOR

RANGE PROGS

il i St ) . b
-x ! 7T I Tt ; i 1
| -l d
sl - 1
HER H . R -
95 ; , 7
e o
] . _' i
Lo 1 Mt -
A _
e de \\

90 . f——

CORRELATION sc'!-E X 100

35

30 §°

3
i
Lyim]

5 -
LR ———

. EC MWF vren * w e v é N . ; o J§ NS B A == -“‘ _ s
eor : ‘ T T ‘
| | LFPM ——. H- M EREw

‘ i
i 1
i

S NCGM R X RIS . Fig 61 e B r p e EEE b
15 N . R RN R i ST Su T N 1_;_""-1 LRI

N ":‘i:: il
HOURS, 24 36 48 @p, . .7,_2,_1; 84 96.:1081.120, 132 144( 156 |168.1180 192204 "'216 :228
bAYS T o1 %* T aTTEN L TE LD e L T




DAYS 1 THRU 9 NORTH AMERICAN AREA MS LF

r

1 i' fih‘

i
:

85

* CORRELATION SCORES FOR, AUG-

F

180 192 204 216 228

132 1441 156 ' 168

| (36 HR PROG FROM OOz} {1~

Ry
AN (N

Iy
1=

Ll

[P,

o

— g ¥ —— o
— B ov—
T T et a———

ECMWF rr e e w e ek ‘-i»--.:,._
oVl

MRF 007
LFM

LR
NGM

6

108.+ 120

4

36

s -

¥ v

$HOUd TONVY
JOJ FTYDS 3O TONVAD

001 X

50

[To]
<

QU S NOILVIHYYODO

257
2

0
15

36 -

HOURS.

8 9

7

5

48

L

DAYS



, . i 1 i " 1 ; m H i - %Q/
o o : : LA S SR A A T BRI T i
- EEEN EENEEN | & R N,
- - _ T f | i B S A -
e h B — o 42
1 : R [ i
u : r t o f i NEE ™~
L [ | L _ i . :
T v i L ~t
R TR R i - w_oo
4t i ~ =
Tt N
o
- l‘

1180
7

L

Sy

Il

¥

6

ek

R

"‘ I ! ‘f'__w?_'.. BN RIERE
S8 Eh -u.ég;_,iul{l_;!
~ DAYS1 THRU 9 NORTH AMERICAN AREA MS LP

(36 HR PRO_G FROM QQ:Z;)'”"“

¢

5

CORRELATION SCORES FOR. SEP 85

108 « 120 132 144! 156 1168

ot

ERa . lw; ! N
Muu i %
£ i
3= ;

5 :

1

I-

o

T

i

[ A o IS g gl st S SN e
T

" [N rpa iy

ST el |1

: 4 N N -
SEEE- < Eie

|- |egk 222
F3E5R A2

o]
Lo

55 f—
257
2

Vel o
B~ ™

HOURS
DAYS

- $H0YUd EONVY 001 X ZJODS NOLLVIZVYOD

Hm‘mom ATVOS A0 IONVHD .
PN . ) } : . X . )



9

.__[___r"l,
!

85

.
JUP

192 204 216 - 22¢

t 180
7

Ly

6

| (36 HR PROG FROM OOZ} |-

iA .
i,_“.

5 -CO:RRELA_TION SCORES FOR OCT.

' DAYS1 THRU 9 NORTH AMERICAN AREA MSLP. .

108 (120 132 1441156 1168

6 .

1

9

84

72

6
2

. .
R _
i N BEEEE 03
=R B _
=} T S
Jor i e

36
1

MRF 00Z

LR PR N
ECMWF LI T Y LECRE R vé !
NGM

LFM

24

SMG 127

MAN

o

50
45
4
35
30,
25 |
20
15
' HOURS .
DAYS

SOOUd TONVY 001 X H¥Q@S NOLLVIZYYOD -
ATYDS 40 AONVHD . w | |



85

RN N § R R

-
7=

Ly

K3

SR N ) WS
HAE

CORRELATION SCORES FOR NOV

1

v
55

192 204 216 " 22!

132 1441156 <168 180

96 -

Lepitril

Y”
T 0]
ey O!
o =
16 O
F. -
&.IM_
—
mAC

;
 DAYS1 THRU 9 NORTH AMERICAN AREA MSLP~

}

[
L]

©

SMG 127

MAN

-.-vv&i*
Y

48

—— g ¥ e & W t
—— . m— ——"
b

JE
T
oAy atrrin A r———
H

L

MRF 007
ECMWE s=«-
LM

24

LR
NGM

36

st

R  SH0Ud AONVY
N Hm‘mom ATVOS 0 AONVHD

70

001 X

el
W0

W0 (X9] T o)

dAO0D S NOILLVTIHEYEOD

45

30

25
2

0
15

HOURS

108 « 120 _

4

9

- 7 8 .

6

5

DAYS



m .Mﬁm{ "%@lhﬁﬂﬁfmﬁ EeSERsERRASRAK ont il

' DAYS 1 THRU 9 NORTH AMERICAN AREA MS LP R
: CORRELATION SCORES FOR DEC 85

1 d b d
T ! N N
-+ ;
+ i
j
e - |+
B IR §

(Ve
(o)
>
>

@,
(&3]

'CHANGE OF SCALE FOR
RANGE PROGS

! - \
- - )
RN - -t i -
- »J__, B } v,
. \ b
; | I
- 1 b
75 1 — { \
~ - - —fedd I i+
= @}l 5
B [™ jo N i ;
. - - ~ :

' COKRELATION SCORE X 100

. o
o

o
[e]

-
()]

] SMG12Z o 1 (36 HR PROG FROM OOZY |- f-+4-FH -
- MAN  ——— — [ R I RIFig I Earhl aw ml hs
25F MRFO00Z » ~ :

: -} LR et T _.‘,:_._"
. ECMWF *v a e » w v Vb - . ;
: 220 1+ ' : NERRRRNE RN
R LEFEM | — . . JNCHY Y00 N it ] Fv - :
S glNoM  ———— g, el bt

EOURS. 24 36 48 6D 72 84 961081120, 132 144r156 168 1180 . 192 204 216 228
DAYS. = - 1.7 2 3T T4 5 6_ ' 7 -8 L9

-,.J

h ]



| DAYS 1 THRU 9 NORTH AT\/IERICAN AREA MS LP :
STANDARDHHH)CORRELATKNJSCORES FOR "JAN

1985

SMG IZZA-X-X‘&;L-XA.X.E,?
MAN = —m— —
tO - sMGooz ‘ I

LR — e ——— e
O ECMWE eren v v as vi -
Q| o

LFM ——

| L R ReRaE B PN S A AR
. po | NOM o BeX ARG CLIMATOLOCY — ol

HOURS 24 36 46 60 72 84 96 108(120
_ DAYS A 2

(IS EEE O

37 144 156 168 180 192 204 216 228
3 4 s 6 7 8 9



i
P
i
i

1
—‘--T.

i
[ T

n ey

9

L3

4- ..-_T.:Li

e o et
i
i
l
1
i
.H_:J__

8

P A TSR A

192 204 '216 322

B TN N N RTIRYR IRy S o 8

7

S T S T

-
_:t.'—i..-i.. "

6 1f

O

~——

t

! _;..4_.._‘4.-._.;__']“{,_.*,',.Lti_ i .l_i Lol
88 : '

CLIMATOLOGY

L R O T O N S WL 0 S T IO

i

[156_1168 1180 .

108 120 . |
4 -
CFiges

96+

GfLLL

30

STANDARDIZED CORRELATION SCORES FOR.- FEB 1985

DAYS 1 THRU 9 NORTH AMERICAN AREA MSLP

el

— ¢ s b
.
.

| o ey ¢ o——

SR Xk RITIT

SMG 12Z % x * X X% AIX': B

i ” o .

: il fx;

L R = 2 :
NN anMu p= Mm

i ™ (a2 mo M

i MSLE &

= ~+

o
f .

| © W O wu .9
n wn ‘mw, < Mmoo
00T X HYODS NOILVIAYYOD

|5
10

36 48

) Y

24

HOURS.
DAYS -



{
:

it

8

A

CH

5 TULTONR R S N |
i

L

1
-}

~DAYS 1 THRU 9 NORTH AMERICAN AREA MSLP

gl

gl

",.

]

STANDARDIZED CORRELATION SCORES FOR MAR. 85

9

8

192 204 216 " 228

132 144 ! 15'6 1168 : 180
_ R

. SR

L Figleg 1T
s 108 ¢+ 120

1 [

CLIMATOLOGY, -

!
I

1

ol

96

- ._.__1—-1_. Y-

(3¢ HR PROG FROM QOZ)| |

AKX XK

SMG 127 ——
MAN

84
5

o » s v s ' B L T PR SO
’ 4 o
S 72

60
2

48

-
4
¥,
9

— 9 ¥ mreme & b

|
|
—,.

36

ECMWE »+++ >
LEM -
NGM

LR

24

-~

100

5 8D0dd IONVY LA0OHS

rvod wqm A0 EONVHD B - 00T X H¥ODS NOLLYTIATUOD

5
5
45
40
35
30

% ; % . mw 2 w 7 -8

25 | SMGO00ozZ

20,
15

HOURS
DAYS



CHANGE OF scALEFOR.J L

RT

CORRELATION SCORE X 100 -

e r{ [ THﬁﬁH 13 ﬁggé‘.‘.‘.":i::[:i i:ti:?"i'iitifr;rt;f.jjtiﬂ:t‘upf A SN YRR R E
DAYS 1 THRU 9 NORTH AMERICAN AREA'MSLP
STANDARDIZED CORRELATION SCORES FOR APRIL 85 :

‘ AN ERA SN il U i

95

s 1

RANGE PROGS

25

20 o

MRF 00Z

LR

LFM
NGM

o g cm—— — |

——  C e— o ®

ECMWE »v=o

T ah—— c——

N N

| WS & et & em———

Hiﬁ'g.L]. 1

o R
1] 1 CLIMATOLOGY = O [

oo I | NI SR T 20 I B I T o

HOURS
DAYS

N B

24

36
1

48

)
2

B4 90 108150 137 1441156 158 180 192 204 TREY.
37 T 4 5 6. 7 . 8. o



CHANGE OF S_CALE‘FOR‘RT‘_;

RANGE PROGS . -

CORRELATION SCORE X
[Sai
(Gx}

g [ WA , ; [ ;-ﬁfﬁﬁh it M By *T"ﬂ*'ﬂ H-U“rt't'r BREEN G ANE R
DAYS 1 THRU 9 NORTH AMERICAN AREA'MSLP .
STANDARDIZED CORRELATION SCORES' FOR- MAY 85

: | i1

N HEEN ] '

e S ~p |- boteioef

90

85

10
o

65

60

45

40 |

35

30

25

20 -

a

NGM

SMG 122——% X %
MAN

— et wten oeama P

MRF 002
LR

———" g ¢ o— &

LEM

T T ehem ——

ECI\/I.‘RTF ¢% 4 e s a @ o‘"_““ :>‘

8 e—— o —

et

'CLI?\_/IATOLOGY o 1T

[ R A i

—4 - 1 .

((.

: Ry f I
dow Sﬁ&_b

- ...:.

o]

HOURS.

DAYS

24 36 48 60 72
1 2

108 ¢ 120 132 l44l 156

4 . 5 6

168 : 180
| 7

192 204 216
8

N

NalaS



